This study represents the implementation of an English version
INTRODUCTION
Mathematics anxiety is a pervasive issue that appears to exist across a range of populations (Hembree, 1990; OECD, 2013) and can be defined as "feelings of tension and anxiety that interfere with the manipulation of numbers and the solving of mathematical problems in a wide variety of ordinary life and academic situations" (Richardson & Suinn, 1972, p. 551) . Empirically measuring anxiety pertaining to numbers began in 1958 with the Numerical Anxiety Scale (Dreger & Aiken, 1957) . Since then several self-report scales for measuring maths anxiety have been published (e.g. Richardson & Suinn, 1972; Sandman, 1979; Betz, 1978; Plake & Parker, 1982 , Hunt, Clark-Carter & Sheffield, 2011 . However, these have been developed for use in a general population without much concern for specific contexts or populations. For example, Baloglu and Kocak (2006) observed that students who majored in elementary (primary) education were amongst the most maths anxious in over seven hundred U.S. university students. This echoes earlier observations that pre-service (student) elementary teachers are especially prone to maths anxiety (Hembree, 1990) . As such, it may be necessary to focus on specific populations, e.g. teachers and pre-service teachers. A strong relationship has been demonstrated between maths anxiety and confidence in teaching maths among preservice teachers (Bursal & Paznokas, 2006) . In an attempt to reduce maths anxiety in female pre-service teachers, Lake and Kelly (2014) observed little change after completion of an early childhood mathematics course; the authors suggest this is indicative of the students' entrenched beliefs about maths and their ability to do maths. It may also be important to draw a distinction between teachers' and pre-service teachers' maths anxiety and their level of anxiety towards teaching maths. Hadley and Dorward (2011) studied these variables in a large sample (N = 692) of elementary school teachers in the U.S. and found a significant, moderate, positive correlation. Research on maths anxiety in teachers and pre-service teachers is limited, with only a small amount of work having been conducted in the U.K. One study (Jackson, 2008) investigated 31 British student primary school teachers and found only 19% experienced no negative emotional or physical factors when engaged in maths. Jackson also observed that the students had somewhat negative perceptions of maths and 68% indicated a lack of confidence in teaching maths. Relatedly, Isiksal, Curran, Koc and Askun (2009) found a significant negative relationship between maths anxiety and maths self-concept among trainee teachers in the U.S. and Turkey. In a qualitative investigation, Trujillo and Hadfield (1999) interviewed six highly maths anxious pre-service elementary school teachers in the U.S. and analysis revealed several commonalities amongst the pre-service teachers in relation to their negative emotions pertaining to maths. For example, participants shared negative experiences of maths at school, referring to pressure, poor teaching and humiliation. Similarly, they shared negative experiences of maths within the family, typically referring to unsupportive parents. Shared experiences also extended to magnified anxiety in maths test situations, for example, referring to the maths component of teaching qualification tests. Interestingly, participants expressed a range of attitudes towards teaching maths themselves, seemingly taking into consideration their own negative experiences when planning their lessons; they emphasised previously or currently worrying about preparation and generally advocated a more progressive approach to teaching maths. It may be necessary to consider a range of demographic or individual differences, though. For example, in a further study of pre-service elementary school teachers, Hadfield and McNeil (1994) found a significant positive correlation between age and maths anxiety, such that older participants experienced greater maths anxiety. The authors suggest this may be associated with a lack of confidence in returning students, perhaps due to feeling "rusty" or having a poor background in maths. Providing some support for this argument, Isiksal et al. (2009) found pre-service teachers in the U.S to report significantly higher maths anxiety than pre-service teachers in Turkey, with the authors suggesting the difference might be explained by higher levels of maths familiarity and academic preparedness among Turkish pre-service teachers. Length of time in service may act as a buffer against maths anxiety though, with Gresham (2018) observing a significant reduction in self-reported maths anxiety among ten inservice elementary school teachers five years into teaching. Interestingly, research findings have indicated it is anxiety towards teaching maths that predicts the adoption of a more traditional teaching style (Hadley & Dorward, 2011) . Similarly, Sari and Aksoy (2016) found a negative relationship between maths teaching anxiety and teaching style in Turkey; primary school teachers were found to shift from student-centred teaching to teachercentred teaching when their mathematics teaching anxiety increased. However, recognised scales that have been developed to specifically test maths teaching anxiety are limited. One scale, the Mathematics Teaching Anxiety Scale (MTAS) (Sari, 2014) , was originally developed using a Turkish population of elementary school teachers, although the extent and nature of maths teaching anxiety in the U.K. is unknown. As such, a study using an English version of the MTAS would provide some much needed information, particularly in the context of a poor retention rate of early-career teachers in science, maths and languages and the need to better understand the reasons for this. Understanding anxiety pertaining to the teaching of maths may also support further research concerning transference of anxiety to students as well as its relationship with teaching style.
METHOD
A cross-sectional approach was taken in which an online survey was provided to primary school teachers across the United Kingdom via opportunity sampling.
Participants
Teachers were required to have (or be working towards) qualified teacher status (QTS). One hundred and twenty-seven participants provided full data, which included 102 (80.30%) females and 25 (19.7%) males. Participant ages ranged from 18 to 69 years (M = 33.57, SD = 12.31) and the sample included 74 (58.30%) qualified teachers (mean age = 40.93 years, SD = 9.96; mean teaching years = 14.97, SD = 9.69) and 53 (41.70%) trainees (mean age = 23.30 years, SD = 6.57).
Data Collection Techniques
The Mathematics Teaching Anxiety Scale (MTAS) was originally developed using a Turkish population of elementary (primary) school teachers. The MTAS was published in 2014 and contains 23 items. It has high internal consistency (α = .89) and original analyses indicated a three-factor structure (Sari, 2014) : i) anxiety regarding maths teaching processes, ii) anxiety regarding maths content knowledge, and iii) anxiety related to maths self-efficacy. The scale lists a range of statements pertaining to different aspects of maths teaching and requires participants to respond on a Likert-type scale regarding how frequently they experience the content of each statement. The response format has five points and ranges from "always" to "never", with higher scores representing lower anxiety (thus requiring reversing upon data analysis). The scale was originally published in Turkish, so a process of forwards-backwards translation took place, involving multiple academic colleagues, to arrive at an English version of the scale.
Data Collection Procedure
The survey was administered using Qualtrics online survey software and was advertised via email and social media. Demographic questions were presented first, followed by the maths teaching anxiety measure. Ethical considerations were consistent with the guidelines proposed by the British Psychological Society.
Data Analysis
The standard procedure was followed, in which internal consistency of the scale and scale items was assessed, followed by an exploratory factor analysis and scale refinement. Group comparisons were made on the teacher variables of sex and teaching status.
RESULTS

Internal consistencystage 1
The minimum item-total correlation was .42, with a mean of .66. Cronbach's alpha was .944 and no items were suggested for removal. A Kolmogorov-Smirnov test indicated total scale scores to be significantly positively skewed (p < .001); however, inspection of the histogram indicated only slight positive skew.
Exploratory factor analysis
As the study represents the first administration of an English version of the MTAS, an exploratory factor analysis was conducted. A high Kaiser-Meyer-Olkin measure (KMO = .911) indicated that sampling adequacy was met and low values in the diagonal of the anti-image correlation matrix provided further evidence that the data were suitable for factor analysis (Tabachnick & Fidell, 2001) . The mean correlation between extracted factors, based on eigenvalues above one, was <.1, thus indicating independence of factors and therefore verifying the decision to use a varimax rotation. Initially, using eigenvalues above one as criteria for factor extraction, four factors were extracted. The four factors explained a total of 66.56% of the variance, with 46.21%, 10.47%, 5.10%, and 4.74% of the total variance, being explained by factors one to four respectively. The rotated factor matrix revealed several items that did not load sufficiently on to a single factor. In addition, observation of the scree plot indicated the existence of two factors. As such, a further factor analysis was performed in which a two-factor solution was forced. This revealed a much more parsimonious structure in which every item had a factor loading of at least .4. The two factors explained a total of 56.73% of the variance, with 46.26%, 10.47% of the total variance, being explained by factors one and two respectively. Four items were removed due to cross-factor loading. Cronbach's alpha for the resultant 19item MTAS was .93.
Factor Labelling
The two factors appeared to represent very distinct underlying constructs pertaining to maths teaching anxiety. In addition to the authors, four independent academics working in the field of maths education were consulted to interpret the nature of factors that the items represent. There was consensus in interpretations. Factor one contained 12 items that relate to a teacher's own teaching practice and perceived maths ability, e.g. "I avoid talking about mathematics teaching with other teachers outside the classroom" and "I worry that I won't be able to answer a question whilst teaching a maths class". Therefore, factor one was labelled Self-Directed Mathematics Teaching Anxiety. Factor two comprised 7 items that relate to teachers' anxiety concerning their pupils, e.g. "The thought that students/pupils will not meet curriculum/school targets in maths worries me" and "I worry that students/pupils in my maths class will fail their assessments". Thus, factor two was labelled Pupil/Student-Directed Mathematics Teaching Anxiety.
Group comparisons
There was no significant difference between males and females in overall mathematics teaching anxiety, t(125) = 1.27, p = .21, d = 0.28, self-directed mathematics teaching anxiety, t(125) = 1.45, p = .15, d = 0.35, or pupil/student-directed mathematics teaching anxiety, t(125) = 0.42, p = .68, d = 0.09. However, pre-service teachers, compared to in-service teachers, self-reported significantly higher overall maths teaching anxiety, t(125) = 5.78, p < .001, d = 1.07, selfdirected mathematics teaching anxiety, t(125) = 6.59, p < 001, d = 1.18, and pupil/studentdirected mathematics teaching anxiety, t(125) = 2.12, p = .04, d = 0.38. Among in-service teachers, there was a significant negative correlation between length of service and overall maths teaching anxiety, r(72) = -.27, p = .02, and self-directed mathematics teaching anxiety, r(72) = -.31, p < .01, but not pupil/student-directed mathematics teaching anxiety, r(72) = -.11, p = .38. Means and standard deviations can be seen in Table 1 . 
DISCUSSION and CONCLUSION
This study used an English version of the Mathematics Teaching Anxiety Scale (Sari, 2014) to assess maths teaching anxiety in pre-service and in-service primary school teachers across the U.K. Results suggested a different factor structure to that reported by Sari (2014) , including a reduced number of items. Two factors were labelled self-directed mathematics teaching anxiety (12 items) and pupil/student-directed mathematics teaching anxiety (7 items). Respectively, these relate to oneself, including anxiety about one's own maths knowledge, and anxiety directed towards the teaching of others, including worry about one's pupils/students failing assessments or not reaching targets; this second factor is perhaps especially relevant in today's assessment-focused schools. We observed no significant difference in maths teaching anxiety as a function of sex, which reflects research findings in the field (e.g. Peker & Halat, 2008; Peker & Ertekin, 2011) . However, we found pre-service teachers to have significantly higher maths teaching anxiety. Further to this, our results showed that length of service as a qualified teacher was inversely related to maths teaching anxiety. Of note though, this relationship was specific to self-directed mathematics teaching anxiety, suggesting that experience may act as a buffer against anxiety concerning one's own teaching ability regarding maths, possibly due to an increase in confidence. This finding may be particularly important given the previous finding that the higher chance of leaving the teaching profession among younger teachers is the result of inexperience rather than being young. Indeed, primary school teachers with less than 2 years' experience are 5%-10% more likely to leave the profession than those with 6-10 years' experience (Worth, De Lazzari & Hillary, 2017) . It is worth highlighting that mean maths teaching anxiety scores in the current study were highest on the pupil/student-directed factor, suggesting particular attention should be paid to teachers' anxiety derived from concerns about pupil/student maths understanding and performance. Indeed, items with the greatest factor loading pertained to anxiety about pupils/students not meeting curriculum/school targets and failing assessments. A notable consideration is that we studied maths teaching anxiety, not general maths anxiety. As such, the results offer several important points to consider. Firstly, it is reassuring that the overall level of maths teaching anxiety was reasonably low; the mean for the sample represented "rarely" "to sometimes" maths teaching anxious. However, it is noteworthy that the sample includes only those individuals who have not withdrawn from training or teaching, thus suggesting a higher level of resilience than those who have; further investigation is needed on a sample of trainees or teachers that have not been retained in the profession. Secondly, our sample was diverse in terms of locations; it is unknown what training participants had received and the extent to which institutional policies play a part in experiencing maths teaching anxiety. Relatedly, pre-service teachers likely varied in the length of training they had received at the point of completing the survey. Nevertheless, this is the first study to use a validated measure of maths teaching anxiety with a sample of U.K. pre-service and in-service primary school teachers. The scale is easy to administer and may be useful in identifying at-risk teachers and pre-service teachers; more needs to be done to ensure teachers/trainees are supported and not placed under undue stress with regard to teaching maths. Our findings emphasise the multidimensional nature of maths teaching anxiety and demonstrates the need to look at the needs of pre-service and in-service teachers separately. The data showed that approximately 14% of respondents scored above "sometimes" in terms of how much maths teaching anxiety they experience. Given the volume of teachers and trainees within primary education this represents a considerable number of individuals in need of additional support and at-risk of leaving the profession due to excess stress in the domain of teaching maths. Whilst care needs to be taken not to over-generalise the findings, this study provides some much needed information concerning the state of maths teaching anxiety within primary education in the U.K., especially in the context of worsening retention rates.
